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ABTRA 

Plasma Le els of Luteinizing Honn ne (LH) in Trypano ·omu congo/en e Infected Female 

Goats Challenged with Gonadotropin Releasing Hormone (GnRH}-agonist and Clonictine. 

Trypanosomosis i a widespread tropical disea e of humans and animals in Africa. 

Be ides its reversal of sleep/wake cycle, trypanosomosis also cause reproductive 

dysfunctions. In trypanosome infected females decrease in the plasma Levels of oe trogen 

and progestrone have been reported as well as ovarian damage and lack of corpus luteum 

formation. However, while studies in males report no change or decrease in plasma LH, 

there are no reports on the effect or trypanosomosis on plasma LH levels in females during 

oestrus cycles. 

Therefore plasma LH levels were measured by the use of bioassay and 

radioimmunoassay, over several oestrus cyc1es in non-infected and T. congo/en ·e infected 

female goats. The infected goats became parasitaemic 5-9 days after the infection and as the 

infection progressed they became anaemic, emaciated, and showed elevated rectal 

temperature. The white blood cell (WBC) count showed a sharp increase from a 

pre-infectionvalueof11.53 x 10 3 ± 1.1 to16.5 x. 10 3 ± 0.76(p<O.OOl)between20and30 

days po t infection. While in non-infected goats, the pia rna H showed a singular peak every 

20-24 days (normal goal oestrus cycle range), in infected goals a c1ear singular LH peak was 

not evident. In tead the plasma LH level showed rises at interval of 14-18 days in the first 

po t-infection estrus cycle and no LH ri e in the sub equent cycle. There was a significant 

(p<0.02 difference in plasma LH basal level between non-infected and infected goats. To 

Vlll 



in e ttgat ' ·h th r the failure f the Lll rise ' as due to pituitary or hypothalamic 

dysfun tion the pia ma H I el ' rc mea ured in re pon e to a GnRH-agonist 

[D-Aia6]-Luteinizing h nnone relea ing horm ne) and lonidine ( alapres). With 

GnRH-ag ni t injection (20 J..lg) m the post-infection period, there was a significant (p<O.Ol) 

increas in plasma LH from the ba al le el in both infected day 23: from 2.9 ±. 0.95 lUll to 

11.2 ±. 3.6 lUll- day 60: from 4.8 ± 0.4 lUll to 10.25 ± 2.5 lUll) and non-infected goats (day 

23: from 3.5 ±. 0.5 lU/1 to 6.2 ±. 0.9 lUll ; day 60: from 2.4 + 0.3 lUll to 9.1 ± 2.9 IU/1). With 

clonidine injection 25 J..lg), in post-infection period infected goat showed no puJsatile LH 

activity while the non-infected goats showed pulsatile changes in plasma LH levels. Peak LH 

amplitude was 3.1 ± 0.3 TU/1 (day 28) and 6.9 ± 1.9 lUll (day 69) and pulse frequency was 

2-3/80 min fi r b lh days of injection. 

Th results show that in trypanosomosis there is failure in the regular periodic increase in 

plasma LH during the estrus cycle. Concidering the plasma LH response to GnRH, this 

failure cannot be attributed to the impairment ofLH synthesis and secretion by the pituitary. 

However, the LH lack of response to clonidine injection, suggests that trypanosomosis causes 

disruption of the synchroni ed release of GnRH by the hypothalamic neurons which could 

possibly accow1t for the absence of the regular periodic LH surge in the oestrus cycle. 

lX 



II P R 1 

I TR DU 

Trypan some are ertebrate parasites of wild and domestic animals as well as 

human . They are found mainly in Sub- aharan Africa, S. America and Asia. In Africa, the 

brucei groups of trypanosomes species are transmitted to their warm blooded hosts by the 

blood sucking tsetse flies of the lo ina species (Fig 1 ). Trypanosoma cnri (f. cruzij, 

which is the main trypanosome spe ies in S. America and Asia, is transmitted by the 

Reduviid flies. Howe er, in some parts of S. America T. cruzi can be transmitted to rats by 

fleas. 

Trypanosomes, depending on the species, either live extracellularly in the blood or 

intracellularly, especially in reticuloendothelial tissues f the heart tissue (Vickerman 1985). 

Trypano oma brucei brucei (T.b. brucei), Tiypano oma brucei rhodesiense (T.b. 

rhodesiense), Trypan . oma brucei gambiense (T.b. gambien e) Trypanosoma congo/ense (T. 

congolense) and Trypanosoma vivax (f. vivax), are mainly heamatic trypanosomes. T. 

congolense undergoes extra ascular development at the site of tsetse fly bite and m 

associated lymph n des (Grays and Luckins, 1980) before entering the blood stream (Fig 1 ). 

Trypanosomes will localise to particular tissues of the body. T. vivax has been found 

e>..'tra ascularly in the pituitary gland ( iennes, 1950), cardiac muscles (Kirneto et at. 1990), 

cerebrospinal fiuid and aqueous humour (Whitelaw eta/., 1988). 

ln Africa, trypanosomes cause trypanosom sis*, a disease commonly known as 

African sleeping sickness in humans and related primates. The disease also affects 

• Change qr scicnlilic name· From Tnwnqwmiasis lo Trypannsomosjs by the The lnlcrnational Commission on Nomenclature lo bring ii in 

line ";th the names given to similnr diseases. Tl)-panosomosis bas been adopted by a number of conwullees and organizations including lhc 

lntcmnti<W~I Scientific Countnl for TI)'PIUl0501llin'is Research and Con1ml (TSCI'RC). 
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Figure 1. Tsetse fly of the Glossina species (upper figure) and trypanosomes in a blood 

·peci rnen (lower figure). The round cells are red blood cells. 
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Fig. I 



figure 2. Oi tribulion of tsetse Oy in th African continent. Major cattle ranching is in the 

tsetse 0 free regions. In the tsetse fly infested region, cattle ranching is limited and suitable 

on! for typanotolerent cattle are found. 
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e tly freer gi n . In the ts l e fly infested region cattle ranching is limited and uitablc 

nl for typanoto\erent attle are found. 
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Fig. 2 
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non-primate animal . lt is the mo t imp rtant li k di cas and nc f th maj r human 

tr pical disca ·c ·, on the Afllcan COIItlnCI\l. l'hc UISC' ·e is t'bund ) cr Ill rc than a thin.l rthc 

contin nt's area (Fig 2). In ·. America, trypan om s cau e 'haga'· di e which i quit 

\ ide pread in that part of th ' rid. 

Trypan m st ts as ciated ith an u path I gical change . It cia ical 

s mptom in human is there ersal fth akc/sleep cycle re ulting in da -time mnolence 

and night-time ins mnia. It also cause rcpr ducti e d sfunction in hwnan and animals. 

The include irregular men trual or estru cycle , infertility abortion and impotence. 

Occasionally intrauterin infections can occur resulting in still birth or neonatal mortality 

kede et a/., 198 . These repr ductiv dy functions have been associated with hypophy eal 

malfun lion (lkcdc and Loso , 1975), gonadal le ion ( lsoun and Ano a 1974), and 

steroidogenic depression (Kaaya and Oduor- kelo, 198 ). The disea e al o cau es 

unmunosuppre ion (Blum ~t a/., 1993; Pentreath, 19 I; Bor wly et a/. , 1990), 

neuropath logy Pentreath 19 5) and dy regulation of c-fo expression in the 

suprachiasmatic nucleu (Bentivoglio ~t a/. 1994). 

Trypanosomosi places an enormous economic and cial burden on the people in 

areas ' here it endemic. Better understanding of the mechanism of pathogenesi in 

trypano omosis IS tmp rtant in developing a rational basis fi r an appropriate therapeutic 

strategy t e!Tect a cure and identify areas in which its econ mic impact can be reduced. 

Li estock producti ity in tsetse lly infe ted area i se ere! aiTectcd and linding ways of 

reducing, controlling, r rever ing trypano omosis related repr ducti e disorders could lead 

a significant improvement in the li ing condition in the e areas. 

tudie n trypan s mo is r lated reproductive disorder have shown that th re is 

honnonal and gonadal dysfunction . Most of these studies have been carried out on male 
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animal . There ha e been no rep rt on the effect trypano m n the pia ma level f 

lutl!iniLing h llllonc (LII) v hich is cssl!ntial ft 1 n rmal or regular rcpr ducli c c de 111 

fl males. 



1.1 Aim and bje ti ·· of the pr cnt study 

1.1.1 Broad ob'e ti\·e 

To detennine th effects of lrypano om is on the female reproductive stem through 

m asurement f luteiruzing h rm ne Ui le el . 

t. 1.2 pecific objectives 

1. To det nnin th plasma luteinizing horm ne LH) le el and pattern during estrus 

c clcs in female goat bcfi re and after infection with 7i· opwwsoma congolense. 

2. To detennine pituitary re ponse to gonadotropin rel asing hormone (GnRH)-agonist 

challenge in lcmalc goat b fore and aller infection with Tr 1Jcmosoma ·o11 'olense, 

Lhr ugh mea uremcnl r plasma LH concentration . 

3. To detennine the h pothalamic response to Clonidine (an alpha-2-adrenergic-agonist) 

challenge in female goats befor and after infection with Trypanosoma congolense, 

through measurement of pia rna LH concentration. 



U PT R2 

LITER T litE IU~ lEV 

2.1 linical man if tation of tr pano roo i · in th 

Trypan me , d pending n th pecie , can cau e either acute r chronic disea es 

to their mammalian ho t . At the site of infection dema may develop due to lymph 

exudation and cellular infiltrati n b lymphocyte a s ciated with prolilerati n of histocytes 

(Soulsby 1966). When the parasites enter the bl d and the lymph papulo-erytbromatous 

eruption with cardiovascular involvement anaemia, increase in serum immunoglobulin M 

(lgM), and hypogl caemia can take place. Though, trypanosomes do not enter the red blood 

cells, they cau e anaemia which in some animals results in nearly 50 percent drop in packed 

cel l olume (PCV) within 4 to 6 weeks f infection (Luckins et a/., 1986). In the 

meningo ncephalitic phase of the disease particularly in human , there is disturbances ofthe 

sleep/wake cycle, a confusional state, memory disturbance, behavioural disorders with 

psychotic manife tations seizures, hyperthermia and di orders of the muscle tone (Adams et 

a/., 1986). he parasites enter blo d essels of the central nervous system (CNS) and in 

s me cases infiltrate the cerebro pinal tluid (C F) and multiply there. 

Es entiat ti atur s of trypanosomosis include irregular fe er , lymphadenopathy, 

progressive emaciation and when the nervou system is invaded, drowsiness and stupor 

(Soul by, 1966 . The irregular fevers are accompani d in humans with headaches and 

endocrine di orde leading to impotence and ammenorrhea. Pruritus and pain are also 

common clinical features of the disease. In mammals, endocrine dysfunction and nervous 

sy tem pathology are prominent clinical features of trypanosomosis and their detailed 

underlying pathogenic mechanism has not been elucidated completely. 
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2.2 1 ffect of tT paoo om on the immun t m of th mammalian ho t 

l"hc chr nic progrc . lUll r the path gene. is of t 1 an om i is linked to the 

inability of the host immun st m t eliminate the para it . ln trypano omes the surface 

glycoprotein d t rminant , which timulate B cell thr ugh T ceiJ-depend nt and T 

cell-independent pathways change from ne gen rati n t the next through variation in their 

gene equence Blum et a/., 1993 . Hence, by having ariant surface glycopr teins (VSG) 

trypanosomes can evade the immune urveillance of the host. In each cycle, when sufficient 

antibodies to the surface c at have been produc d, th majority of trypanosomes are 

eliminated and their destruction completed by KupiTer cells in the liver ( Pentreath 1991 ). In 

the next repr ductive cycle, new antigenic variants repopulate the blood and other tissues and 

stimulate production of new antibodic . As each variant population is reduced by specific 

antibodies, variant antig nic type (VAT)- specific immunogl bulin, JgG and lgM levels 

decline, while the levels of lgG and lgM to the invariant trypanosome antigens remain high. 

As parasitaemia d velops there is non-specific stimulation of the macrophages and 

other lymphocyte cell (including B cells and helper and suppressor T cells). Although the 8 

and T c lis' respon ivencss to a ariety of non-para ite related antigens is increased, there is a 

decline in the ability of the immune y tern to induce T cell-dependent B cell responses. 

This is accompanied by prof:,rressive impainnent ofT cell responses i.e. helper suppressor 

and cytotoxic functions, and the infected host only continues with enhanced T 

ell-independent B cell functions (Pentreath, I 91 ). Thus trypanosomosis causes progressive 

immunosuppression which may also involve failure of the macrophages to present antigens 

norrnall to the T cells (Borowy et a/,. 1990 ) 

Trypanosomes, especially T. brucei, release a Trypanosomes Lymphocyte Triggering 

Factor (TLTF) which induces interferon (lFN)-y production from CDS+ T cells. IFN-'Y 
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timulates the growth and replication of the parasit nti glio 1 ul. 1 94). Thi 

i-directional signalling bct\i ccn the parasite and the ' D 1 T cells r the h t in ol ing 

account for the prefer ntial localization f the trypan me 111 

lymphoid tissues (Bakhiet, 1993). Besides the unexpected growth stimulat ry effect n 

trypanosomes lFN-y induces macr phages to pr duce c tokine . The include the 

interleukin (fL)-1 and tumour necrosis factor ( , ) (Le and Vilcek, 1987), and transforming 

b'TOwth factor (TGF). There is also production f nitric oxide (Bentivogli e1 ul. , 1994 . 

These molecules induced by IFN-y could be in lved in tbe pathology of trypanosomosis. or 

example, high level of lL-1 has a sleep and fever promoting effects and may cause 

hyperalgesia (Wisenfeld-Hallin el a/. , 199 L ), and hypogonadism (Kinoshita et a/. t 982). 

Trypanosomo ·i · also inllucnces pro Laglandin sccreti n. Pentrcath •t a/. ( 1990 

found in patients with sleeping sickness high levels of prostaglandin D2 (PGD2) in their CSF 

compared to nonnal people. In goats infected with T congo/ense, there is also a marked 

increase in plasma prostanglandins especially PG-F2a. (Mutay ba el al., 1989). The increased 

le els of PGD2 is probably due to excessive st.imulation of astrocytes. Trypanosome derived 

material and endotoxins timulate astrocytes t produce high levels of P 2 in in ivo 

preparations. In trypanosomosis there is also marked increa e in endotoxin levels in the sera 

and CSF (Greenwo d 1974) which may cause increas in PG levels. Pr staglandins 

peciall PGD2 innuence the contr I of sleep ayaishi 1 91) cause immunosuppression 

oodwin and Webb, 1980), hyperalgesia (Malmberg and Yak h, 1992) and suppre sion f 

luteinizing honnone le els Kino hta el al., 1982 . PGF2a, on the other hand, affects the 

corpu luteum functions (Mutayoba eL a/. 1989). Hence, increased prostaglandin secretion 

in trypanosomosis rna enhance immunosuppre sion and endocrine dysfuctions. 
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Some tudie ugg t that aut immunit uld al play a role in chroni 

panosomo. is path logy. There is a ' ide range or autorca ·uvc antib dies and T celt · 

directed t wards th h t organ . When T ell from mice hr nically infected with 

trypan orne are tran [I rred t non-inf ctcd rntc , innammat ry lesi n devel p in the 

nervous tis ues Said I a/., 1985· H ntebeyrie J sk wicz 1 a/. 1987). IJO\ ever the antigen 

to whi h th T cel\s are directed i n t known. he p lyclonal activati n during the acute 

phase of the infecti n rna cause pr duction f anti- elf c1 n whi h e uld bee me 

pcrsistant and aggressi e again t the h t ti sues. A the trypan some has a large variety of 

antigenic ubstances, some of which may have cr s-r acti ity with h t antig ns this could 

ad to an autoimmune re ponsc. 

M lecular mimicry of the parasite also causes expansion of self-reactive T cells and 

B cell clone and a very aggressive immune respon e. Studie suggest th presence of 

antibodies which cr s-react with host asculature, muscle interstitium, heart, and nervous 

ti sues. Antibodies again t neurones seem particularly well repre ented in T. cru::.i infection 

and lead to gastrointestinal tract denervation and contribute to cardiac pathology (P ntreath, 

1 95). orne epitope expre sed by T ru::.i eros -react with the nervous tissues leading to 

I mph cyte clones which target the nervous system. Fl-160 is a 7: end nagella surface 

antigen which probabl mimic components f the ax n filaments of myenteric nervous 

ti ue and its antibodies bind both rodent and human nervous tissue (Petry and isen, 1989· 

Petry and Van voorhis, 1991). It al o mimics a 25 KDa pr tein found in cerebellar and 

m enteric neurones. Thi 25 KDa protein isolated from infected mice causes lethal paralysis 

wh n tran li rred to non-infected animals (Petry and Van Yoorhi , 1991 ). Other antigens, 

found in patients" ith Chagas' disease which cr ss-react with 7: crll2i include carbohydrate 

components of ciatic nerve Gea et of .• 1993) and acetylcholinesterase (Ouaissi et al .• 1988). 
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Alth ugh th importance aut nnmunit; in chr m • ne u path I gy f haga's dis a 

wdl d x;umcnlcd. 1\ I. till n \dear\ hatlllUU ·c I s . or ·elf- tolerance whl ·h pr ·ipitates 

lh damage. Parasiti pr tein and lip polysaccharide ( Ki r zenbaum and Budzk , 1973; 

akin et ol 1992) tog ther ~ ith genetic and th r immun I gicaJ fact r ha e the potential 

influence c ur e of the di ea . lmmune c mplexes formed between parasite variant 

antigen and anti dy cir ulating in blo d may be deposited in organs in aded by 

trypan me Polt ra 1980· Lamb rt, 1981). Wh n the e immunoregulatory substances are 

overpr duced th can ha e a cytotoxic effect. These effects of trypanosomes on the 

1mmune tern rna account for the enhanced immun pathological changes associated with 

trypan omosis. 

2.3. europatholou of trypanosomosis 

Trypanosomosis affects the nervous system and s me of the neurological symptoms 

are headache, irritability, changes in mood, and an altered EEG which show permanent delta 

wa e form (Pentreath, I 9 5). The correlate with meningeal inflammation and the patients 

e penenc hyperesthesia and mental deterioration which progresses to a reversal of the 

sleep/wak cycle. The basic beha i rial pattern is ne of lethargy during which bouts of 

del iri um, mania, paranoia, chizoid, and aggressive behaviour, likened to general paralysis of 

the insane, may ccur. The disease progresses from meningitis to encephalitis, and in the 

absence of treatment , to coma, oft n followed by d ath (Apted, 1970). 

hronic trypano orne infecti ns in humans cause diffuse central and peripheral 

dem elination (Dumas and Boa 1988). Paraventricular and supraoptic hypothalamic nuclei 

neurones are the most affected. They are thought to be activated through retrograde signals 

from their terminals in the neurohypophyseal and median eminence, areas exposed to 
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trypan orne r mediator sub tan es. Alth ugh tn x rimental infccti n the ara ite 

·m not to pen trat th~; h sts' blo d-bram-barri r but I ·ali e it If in region uch as 

the choroid plexus, trigem1inal and d rsal ro t ganglia and the circum entricular organs 

which include pineal gland, median minence and area trema (Schultzberg "''a/., 1988), 

the appearance in the rain of the nuorescent tracer, sulphorh damine B, which n rmally 

does not cr ss th bl od-brain-barrier, sugg sts the p ssibil ity f blood-brain barrier damage 

in chronic trypanosomosis (Philip eta/. 1995, in press). hanges in brain tissue density and 

electro! te lev ls characteristi f vasogenic o dema ha also been observed ( Philip eta/ . 

1995, in press). Th affected blo d-brain barrier suggests that the nervous system alterations 

could be provoke b either molecules released by the parasite or by molecules released by 

host c II m resp nse to the infl ction. In mice damage t the CNS re ulting from the 

progresst e infection has b en ob erved and this has been related t autoantibodies to the 

myelin basic protein , gal act cerebr sides, and gangliosid s (Hunter et a/., 1992b ). Hence, 

demyelination may contribute to the neuropathology ass ciated with trypanosoma is. 

Astrocytcs, which are neuroglial cells found in the brain re pond to a wide range of 

noxious stimuli uch as ph sica! trauma, t xic substance and parasitic organisms. The extent 

of the re p nsc and it's re ersibility differs between timuli and the brain area affected 

Norton et a/., 1992). During reactive gliosis cytokines and oth r mediator substances 

mcrea in the c ncentration (Eddlestone and Mucke, 1993). There is a high degree of 

astr glio i found in trypan ome infected humans (Adams el a/., 1986) and animals 

(St vens and Moult n 1977: Antho ns et a/. 19 9). It has been suggested that astrocytes 

being antigen-presenting and c tokine-producing cells, they might initiate and regulate the 

intracerebral inflarnmat ry re pon e at the blood-C interface during trypanosomosis 



Pentreath, 1 ) When th1 1mmun me e aggcrated, it could lead t damage 

fthc btu ><.1-brain h rncr and rc. ult in further ucr. lU s ·stem · mpli ati n . 

Ach ali n f ·tr yt s in trypan me in[i ctcd mic leads t increa cd tokine 

me. nger rib nucle1c a td mRNA) I cis in the ram or I -Ia, IL-6 IFN-y, and tum ur 

necr 1 factor TN ·) ex. Hunter 111 ul .• 1 91 1992a . Tran cript for cytokines as ociated 

\Vith acti ated macrophages and T c lis ha e als been det ct d. Thi suggests that altered 

cyt kine pr ducti n i a iated with a trocyte acti ati n at the tart of the CNS 

inflammation. a-Difluor methylomithine (DFMO) which i the drug of choice in chr rue 

human condition reduces astroglial reaction (O'Callaghan and Seidler 1992; Zoli et a/. 

1993). This supports the iew that astr gial cells are involved in the neuropathology of the 

di ease. In the pre ence of T b. bruce1 products, astrocytes in a cell culture pr duce 

prostaglandins PGD2 and PGE2 (Alafiatayo eta/., 1994 , and increased PG production when 

the parasitic material is combined with a lipopolysaccharide. Thus the neurological 

s mpt ms in trypanosom sis h w correlation with activated astrocytes products. 

2.3.1 hang in gene expr ion: dy regulation of the biological clock. 

Trypan somo is in additi n to the neurological changes described above, causes 

di turbance in the state of vigilance and alteration in the sleep/wake cycle. To determine 

which brain tructure are affected in trypon somosis, the expression of c-fos gene, a 

transcription regulatory factor involved in the tran duction of extracellular events into 

short-tenn and long-tenn intracellular change (Morgan and Curran, 1989; Scbultzberg el al., 

1989), \ as investigated by immunohistochemical detecti n of the Fos nuclear proteins 

encoded for b the c-fos g n in trypano orne infected rats during sleep and wake[ulnes 

(Grassi-Zucconi et al., 1993). In brains of uninfected rats, c-fos expression followed a 
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circadi n rh tmn, "h fi in J: h. hrw:e1 infe t d rats. kept under a 12 hr/12hr light/dark 

ydc, there \ a rc cr: I f thl.! c-r gene c, pre · ion in the ·uprachia malic nucl i (S N). 

During the a wake light rl) peri d the infected rat showed c-fl s p sitive neurone in the 

C • \ hile n n-infect d rat sh wed no c-fl immun r acti c ncur nes. The ·e bser ati ns 

indical that there IS a electi e dysregulati n of C neur nal function during 

trypano om sis. 

In mammals th CN synchr ni or entrain the endogenous body rhythm to 

e genou cnvir nmental cues such as the light/dark cycle (Meijer and Rietveld, 1989). The 

SCN re ei es light input from the retina thr ugh the retin hypothalamic tract (Morgan and 

Curran 1991 and th1 light stimuli influence SCN activity (Aronin et a/., 1990~ Korhauser 

et al., 1990~ Rusak eta/. 1990 . The acti ity of SCN is als regulated by melatonin ecreted 

from the pineal gland (McArthur et a/., 1991). As the trypano ·omes have been detected 

around the pineal gland and ocular area, they could cause alterations in the activity of the 

ocular-S N-pineal axis by interference of melatonin secretion by the pineal gland or light 

tran duction by th retina. 

When th C ts destroyed by m ans of electrolytic lesions, the circadian 

rest-activity and I ep-wake c c1e are aboli hed with ut altering the total sleep time (Meijer 

and Rietveld 1989· Mistlb rger t a/., 1983 ~ lbuka and Kawamura, 1975). ln a diurnal 

primate, SCN lesi ns alt r the daily total wake and sleep times and facilitate the initiation 

and maintenanc wakefuJn ss ( ' dgar et al., 1993). Therefi re the dy regulation, in an 

otherwise structurally intact C , could affect the CN's ontrol of endogen us rh thms and 

thus lead t impaired functions of the organs that are influenced by SCN activity. 

A the C and peri entricular nuclei (PVN) are interconnected, the whole 

periventricular-hypothalamic axis could be ,affected in trypanosomosis. This pathological 
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efli t rna ac unt in part fi r th neur 1 gical and p hiatri ympt ms ass iated with 

African sleeping ickness. Alth ugh a n d not ha c a d1rect a cc s to th limbic and 

e trap ramidal systems Watt et al .• 1987 , their major target utside the h p thalamus i 

th PVN f the thalamic midline alsb ek t a/. 1 93). The PVN has projections to the 

amygdala ventral triatum and th limbic cort x Bcnti glio el a/. 1991). The eptum, to 

which the C sends neuronal projections, i connected with the hippocampus. Therefore, 

alterations in the neur nal activity f th e circuit c uld cau e changes in affective and 

instin tual beha iour locomotor acti ity as well as cognitive functions. As the reproductive 

ystem depends on the endogenous rhythms in hormone le els and neuronal activity, the 

effect of trypan omosi on the bi I gical clock could lead to disruption of reproductive 

functi n. 

2.4 Effect of trypaoo. omo i on the respoo iveness of the hypothalamic-pituitary 

-adrenal axi . 

The hypothalamic-pituitary-adrenal axis, one of tbe h nnonal axis affected in 

trypan mosis Abebe et a/. 1993) co-ordinates the production of several hormones in the 

b dy. ln infected Boran Bo. indrcu.J cattle the pituitary respon e to corticotropin releasing 

hormone (CRH) challenge is reduced. The change in pia rna adrenocorticotropic hormone 

A TH) and cortis I concentrati n to CRH challenge is lower after infection than before 

(Abebc ' ' u/. 1993). Th adrenal gland respon e t A Til however is the same in 

pre-infection, infection and po t-infection period . The reduced pituitary response to CRJ1 

challenge and tbe normal adrenal gland response t ACTH challenge suggests that pituitary 

dysfunction could be the primary cause of endocrine dysfunction in trypano orne infected 

animals. There arc reports showing degenerative change in the anterior pituitary glands of 



been observ d in the pituitary 

glands of infected g at · and ·hcep (llav kmg and 'n::cnli ld 1941 · Lo o and Ik~::d 1970 

1972· Moult nand llod, 1976; lkede eta/., I 77· M rri n el a/., 1981 ). 

Trypano omosis al cau s marked pathological changes in the adrenal cortex 

(Mutayoba et ul. 1995). lt enhanc the adrenoc rtical seer tion of corti oJ and probably 

other steroid hormones, but I wer thyroxine T4 ) production (Mutayoba and Gombe, 1989). 

Corti ol ecretion is induced by ACT ecreted from the anterior pituitary which in turn is 

stimulated by hypothalamic CRH a well as other mediators including vasopressin, 

noradrenaline and adrenaline all of which increase during stress (Moberg, 1985· Imura, 

1985 . The i ncrea ed adrenocortical acti ity in the host is a response to the stressful 

condition caused by trypano om infe lion. 'I he increase in plasma adrenocortical hormone 

level faci litates the various metabolic and defence mechanisms that aid the host to combat 

the infection. 

[n normal body function one of the roles of the hypothalamus is in stress mediation. 

Since trypanosomosis cau es tress the in olvement of the hypothalamus in the observed 

endocrine dy function is p sible. The dysregulation of the biological clock in 

trypanosoma is Gras i-Zucconi et a/. , 1995, in pres · Bentivoglio et a!. 1995, in press) 

could disrupt hypothalamus function and along with the degenerative changes seen in the 

anterior pituitary glands could account for the I w levels of pla rna pituitary hormone in 

infected animals. However, it is not clear what pathogenic mechanisms lead to pituitary 

impairment but since the pituitary is under the direct c ntrol of the hypothalamus, any 

change in the h pothalamic function would be reflected in changes in the pituitary function 

first before b ing observed at other le els. 



2.5. l~ f~ t of tr tlanosomosi · n mammalian r produ ·tivc · ·t m. 

2. . • n c of tr pano om . i on the male rcprodu tiv y tem. 

Male animal infected with try ano me h \ lcsi ns in the g nads. • here is m re 

c nn cti e tissues seen in the caput and the auda pidid mis and the tubules are smaller in 

diameter with some f the cauda epidid mis filled with cell debris (O'Hara and Gombe 

1989). The testes sh w marked reducti n in spermatogenesi (Waindi eta/., 1986· Kaaya 

and Oduor-Okelo, 1980· lsoun and Anosa 1974 : Sekoni I a/.,1988, 1990b) and 

permatoz a are n t een in the lumina. ln ram there is a drastic and pr gressi e 

deterioration in s men quality in infected animals. There is decrease in semen volume, 

cessation f s men production lig z spermia, a sharp decrease in progres ively motile 

sp rm ele ated number of dead (eosinophilic) sperm c lis and morphological abnormalities 

in all the sperms examined ( ekoni, 1992). 

Initially, infection with 7: c ngolen. e increases the mean plasma LH c ncentrati ns 

in rams which then deereas s with the rogression of the infection (Mutayoba eta/. , 1994). 

However there is a rapid decline in plasma lesto terone c ncentration from the onset of 

parasita mia t the final stages of the disease. The initially high levels of LH accompanying 

the d cline in the pla rna testosterone is due to the activity of the negati e feedback 

me hanism. Th low Lllle els in the late stages of the infection appear not to be corrected 

for by the negative feedback mechani m. The LH le els remain low despite low te losterone 

le els. These observations suggest either a pituitary dysfunction or failure of the 

hypothalamus to relea e GnRH during trypanosoma is. 

Mutayoba eta/. , 1994) found that in rams the decline in plasma LH concentration 

was not associated with reduced sensitivity of the pituitary to GnRH or it's ability t release 
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Lll i nee th Lll r ~ 1 nRll wa not unpaired in th in~ ct d animal . 

II \J c cr. tc to tcronc lc cl . <.ltd n t mcrca ·c " tlh ' nRII-induccd Lll rclca ·e during the 

infecti n. The e finding indicate that the decl ine in pia rna LH concentration in infe ted 

rams uld be due to reduced GnRJ I stimulation of the pituitary while the d cline in plasma 

testo er ne could be due in part, t reduced ensitivity of the Le dig c lis to circulating H 

(Mutayoba et al. , 1994) or reduced LH receptor in gonadal ti sues (Boly tal., 1994). Thu 

trypanonomosis rna afT ct the release of h pothalamic releasing h rmones resulting in 

reduc d stimulation fthe pituitary g nadotrophs to releas LH. 

2.5.1 Effects of trypano omo i · on the fertility and o trou cycl in female. 

Trypanosom sis afft t the repr ductive function of both trypanotolerant and 

trypano ensitive cows ( hie teau el a/., 1990). St rility, men trual disorder, premature 

births still births and high abortion rates have been rep rted (Apted, 1970~ Parkne and 

hake, 1972· Murray et a/. 1981 ~ Kanyari et a/., 1983 ~ O'Hara et a/., 1985) in both 

laboratory and field conditions. The di ea e exerts a I ng Ia ting effect on ovarian function 

and, in some cases, the h sts become acyclic. Luckins et a/. (1986) found that while in 

non-infected female goats the normal oestru cycle i 19-23 days, in infected goats the cycles 

are irr gular arying in duration (53-97 da s) as determined by o s1rus behaviour and plasma 

progesterone levels. The low progesterone levels in the infected animals suggests that the 

luteal phase of oestrus cycle was prolonged. Low e tradiol-1 7~ levels have al o been 

mea ured in trypan m s1 (M utay a et a/., 1988b). Hi t logical examination or the 

o arie (O'Hara and Gombc, 1989) showed partially denuded ovarian germinal epithelium, 

few primary follicles and many d generative tertiary follicles without corpora Juteum 

formation. xtensive lesions of the pituitary glands ha e also been observed (Hawking and 

Greenfield, 1941 ~ o os and Ikede, 1970, 1972; Moulton and Sollod, 1976· Ikede et a/., 
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/977: orri on eta/., 1981 ). ' hi h uld account fl r the di ruption in gonad tropin pattern 

anJ g nadal uy ·fun ·taon Thu Ill trypano ·omost-. the o anc may not b timulaled lo 

s. nthe tze or to e rete o anan ster id , or both. J lowe cr a the level of pia rna LH in 

trypan orne inti cted female anamal ha enol been measured, tl i not possible to determine 

theca e of reduced arian h nn ne . 
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IIAPTER 3 

1ATEJU 0 IETIIOU 

3.1 ·perimental animal · 

Ten female goats of reproducti e ag were u ed in this study. The e were bought 

from Karaba Embu Di trict, about 120 Km fr m Nair bi and transported to hiromo 

campus Univer ity of airobi where they were housed. Immediately on arri at, the goat 

were numbered with ear tags for identification. The animals were aiJowed 4 weeks 

acclimatization p riod during which time they were made accustomed to routine handling 

and also screened for parasites and other diseases. During the first week of ace I imatization 

all the goats\ ere given an antibiotic (Combiotic, 5 ml i.m., Bimeda) and dewormed with 

Combatrin (125 mg per goat). Two goats de eloped eye problem and were treated with 5 ml 

i.m. etroxy A (Bimeda) and a few drops were applied to their eyes. This treatment corrected 

the infection within three days. The animal were allowed a period of up to 7 h ur grazing 

time every day and were housed in a fly free house in the night. we pelJets were gi en as a 

upplement feed and clean drinking water was available ad libitum. 

3.1.1 Trypanosomes and goat infection 

'Jiypcmosoma congo/ens • stabilate EA TRO 1753 was obtained from the Kenya 

Trypan somia is Research In titute (KETRI) in rat res rvoirs. The parasite were passaged 

twice in the rats be[i re infection of the goats. The rat were led at peak parasitaemia by 

heart puncture under ther anaesthesia and the blood diluted in phosphate buffered saline 
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ntaining thy1 n dtamin tetra-a tic a id ( DTA) ( alk r 1970) lo gi e a linal 

haem · torncl r c unt or 2.5 . I 01 tl) pan omc mi. 

Four g at elected rand ml fr m the Oock were each infected ia the jugular em 

wilh appr imately 2.5 x I 04 trypanosomes. Three goats served as controls. The infected and 

non-infected goat were h u ed and grazed together o er the next69 days, the duration of the 

tudy. 

Of the ten starting g ats. on became pregnant from a male in another flock during 

th acclimatizati n peri d. This goat wa replaced. Three other goats died: one from 

unidentifiable causes during the pre-infection phase of the study another from gastric 

obstruction due to allowing a piece of cloth in the post-infection phase of the study, and 

the third due to the trypanosome infection three weeks after the infection. These three goats 

were not replaced. The data in this report is for six goats that survived and the one that died 

of lrypanosomes infection, before its death . 

3.2 linicaJ determination 

3.2.0 Body weight and temperature determination 

During the acclimatization peri d, the goats were weighed thrice a week to 

determine their pre-infection body weight (kg) and to accustom them to the weighing 

process. The rectal temp rature (°C of each goat was also taken thrice a week. Body weight 

and rectal temp ratur measurement after the acclimatization period were done nee a week. 

During the weighing proces , each goat \as placed into a weighing bag which was then 

attached to a \ eighing balance. The bag weight zeroed on the weighing scale. For rectal 

temperatures a clinical thermometer with liquid oil appli d to its tip to facilitate entry was 
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intr duccd int the rectum of th animals and t mperature r ading taken \\ h n the rectal 

temperature \ a stable. I hts v a· genera II all r -3 mmulcs. 

3.2.1 Jlaematolog and parasitolo • 

During the fourth week of the acclimatization period a I ml blo d sample from the 

jugular ein as taken from each goat and then used to detennine the fi llowing blood 

parameter : Red Blood Cel l (RBC) count, White Blood Cell (WBC) count, and Packed Cell 

Volume (PCV b the standard mjcrohaemat crit method and by Coulter counter Coulter 

- leclronic Ltd. England . The haemoglobin (Hb) level for each goat was also detennined 

with a haem globinometer. After the acclimatization period, haematology measurements 

were carried out on the goats fortnightly for the duration of the study. 

Parasitaemia le el in each goat was m nitored weekly by buffY coat method as described by 

Paris et. a/. ( 1982 . 

3.3 Hormonal analy i 

3.3.0 Blood ampliog and experimental design 

Three ml bl od amples were collected from the jugular vein of the goats every day 

bet\ een 8:00 and I 0:00 am for five c nsecutive da s after the acclimatization period and 

thereafter every other day except around the oestrus period when sampling was again done 

for three consecutive days. The ampling was done for 8 weeks in the pre-infection phase of 

the study and the blood ample collected during this period were u ed to detennine the basal 

LH plasma le els. Afier the 8 weeks, the goats were infected with T congolense and tbe 

bl od sam piing c ntinued for another period of 10 weeks. Immediately after collection in 

pho phate buffered saline containing EDT A, the blood samples were centrifuged at 1500 g 



fi r 1 min. The pia! rna ' a d canted and aliqu t d int thr tu s and t r d at -20 I• for 

h rm nal analy. 1 . 

Th , nimal ' ere challcng d \ ith cl nidine ( ataprc , B ehimger) 7 days before 

and _g and 69 da after infecti n with r ~.:mzgolense parasite . The GnRll challenge wa 

gi' en 23 and 60 da after infi ction. During the GnRl-1 and cl nidine challenge blood 

amples ere collected with an ind\ lling jugular cannula (i .d 1.85mm o.d 1.95mm B. 

Braun Mel ungen A.G. We t Germany). ach goat \ as tied to a peg to immobilise it and 

then annuJated. Bl d samples (3 m l were collected at interval of 10 and then 20 minutes 

for a period of 45 min before giving the GnRH-agonist ([D-Ala6 ]-Luteinizing Releasing 

Hormone, L 1898· Sigma, StLouis). The GnRH-agonist was weighed and dissolved in sterile 

aline to make a on cntration of"20 f..tg per mi. I ml f the solution was then given to each 

animal through the cannula and then further blood am pies were collected at I 0, 20, 40, 60, 

80 100, 120 and 140 min. In sheep this dose of GnRH-agonist provides a LH response lasting 

2-3 hours Siddall and Crighton, 1977). One week after the GnRH-agonist challenge the 

goats were challenged ' ith clonidine (Catapres, Boehimger). The goals were once again 

immobilised cannulated and blood sample (3 ml) from the jugular vein collected at 10 min 

intervals for 40 min before the clonidine injection (25 J..lg, dissol ed in 5ml f deionized 

water for injection) and then at 10 min intervals for the next 80 min after the injection. The 

clonidine injection was given through a micro-pore filter (0.05 millipore Millipore 

Corporation, Bedford Massachusetts . 

3.3.1 PJasma Lll concentration 

Plasma LH concentration was determined by an impr ved in vitro bioassay method 

using mouse Leydig cell preparation (VanDamme et. a/., 1974). Mice between 6-10 weeks 



were a rift ed \ ith cervical di 1 ati n th tc ti d ap ulated and pia ed in agle 

Medium with 2o/c alf crum. 1 he testis \ ere than ·ut into ·mall piece and :aglc's Medium 

added t make a final a solution c ntaining 2 t ti 10 mi. he soluti n wa then tirred and 

fi ltered through a fin nylon m h. h liltrat was pre-incubated at 34 "C for 1 hr in O.j 2 

(93.5:6.5) atmosphere in a metab lie shaker ( ew Brun wick Scientifi ) at 80 rpm. After the 

pre-incubation the cell suspensi n \ as entrifuged 130 g) at 4 nc for 15 min. The 

supernatant was th n di carded and the cell re uspended in a fr sh Eagle's M dium 

containing 2% calf erum. Assay tub s w re pr pared containing 25 x 104 cells to which LH 

tandard and goat plasma wa added. The tubes ' ere incubated at 34 nc for 3 hr under a 

O.jC02 atmosphere in a metabolic shaker et at 80 rpm. At the end of 3 hr the tubes were 

placed on ice and the testosterone c nccntration in the tub s determined by 

radioimmunoas ay using the material pro ided by WH and procedures as described in the 

WHO Matched Reagent Programme ( 1985). 

The intra-as ay c fficient of ariation (CV) was 6.1 ± 0.4% at 3.76 ± 0.33 IU/ml. 

The inter-as ay CV for 21 a says was 7.1 ± 0.06%. The detection limit fthe assay, defined 

at 90% confidence limit wa 0.44 LU/ml. 

3. 4 Determination of o trus cycles 

The day of oestrus was taken as the highest plasma H level (LH surge) measured 

over a period f t\ o months. The days between the LH urge was taken as the period of the 

o strus cycle. ln the absence f infection, the duration of the oestrus cycle was between 

20-24 day . Hence e ery 20-24 days after an LH surge another LH surge occurred (Fig. 

lOA,B). After infection the LH urge was not readily discemable. ln these goats the highest 

plasma LH level occurring after 20-24 days after the previous LH surge was taken to 
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repre ent the LH surge tg I B. The stru cle ' ere r pre ented 

nchronizi ng lhc pia rna Lit lc cis around th II urge r the lc cl n the expected day r 

the LH surge ( ig. 1 OA-f). 

3.5 tatistical Aoaly i 

All value are expressed a the mean ±. tandard error of the mean EM). 

Significance tests were carried out using lhe Student's t-test and expressed as the probability. 

The area under the curve was detennined by the trapezoid rule. 



4.1 linical ob ervation 
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CIIAI'TEI{ ~ 

RE LTS 

All the infi cted goat became para itaemic -. ithin 5-9 days after infe tion with 

Trypanosoma o11golens". The first parasitaemic peak {8 x 1 4 ± 2.3 tryps/ml) oc urred 

around 20 days after infection. he goat with the highest parasitaemic score ( 1.5 x I 05 

tryps/ml ) on tbat day died within 24 hr. It had becom lethargic, weak anaemic and bowed 

reduced l comotory activity and evere respiratory distress. The remaining infected goats 

showed less se ere s mptoms oftrypanos mosi . They remained parasitaemic lor the 

duration of the study (69 days) though the parasitaemia levels in the blood fluctuated Fig. 3). 

Trypanosomes were not detectable in the blo d 30 days after infection· they reappeared 5 

days later. In the control goats no trypanosomes were detected in the blood for the duration of 

the study. 

R ctal temperature ("C) before and afler in~ ction was recorded at 5 day intervals in 

all the g ats. The control goat maintained a temperature range of36.7- 38.9" throughout 

the study period while the infected goats had significantly elevated (P 0.001) temperature 

folio ing the ons t of para itaemia. The mean rectal temperature in the infected g at 20 

day after infection, a 39.5 _ 0.32 "C compared to the rectal temperature in the control 

goats of37.4 ± 0.65 ° . This rise in the rectal temperature in the infected goats coincided 

\ ith the fir t peak of the parasitaemia wa e. By day 30 post infection the rectal temperature 



·igure 3. Para itaemia le el (mean ± M in T. ongol•ns infected female goat . On day 0 

lh g ats were infe ted " ith 2.4 x I 01 t . pan om . 
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in th m~ ct d g ats had r a h <.1 40 _ 0 • ' and thcr after Ouctuated tween "'9.1 and 40 •• 

(Fig. 4). 

'l. c:tm j!_oh.mse infe t d g a h wed a raptd I tn d weight. Pri r to infection 

their d \ eight had in rea ed b 34.1 _ 5.4% om pared t th beginning of the tudy. 3 

day after infe tion, the a eragc b dy weight declined 16.4 _ 9.8%. ltth n incrca ed by 24 _ 

.8 % da 35 after\ hi h d clined b 15.4 _ 8.7% da 5. • he rise in body weight 

ob erved bel\: ecn day 30 and 35 after infection c incided with the disappearance of the 

try ano omes from the blood and a reduced rectal temperature of39.1 "C. Compared to the 

infl cted goat the control goats hov ed a teady incrca e in body' eight, gaining 82.4 ±. 

0.55% by da 65 (Fig. 5). 

A lithe infected goals were anaemic 20 days aflcr infection. The red blood cell count 

(RBC), packed c II olume (PCY) and haemoglobin (lib) declined as the parasitaemia level 

increas d. PCV de ·tined from a mean pre-infection valu f 34.3 ± 1.4% to 22.3 ±. 1.8% by 

day 20 post infection and reached a value f20.0 ±3.6% b da 35. Thereafter, it remained 

around this le el for the duratiOn oftbe stud . These PCV values of the infected g ats were 

als significantly (p < 0.001) lower compared to the control goats which maintained a mean 

P V value of 3 I .5 .t .3 %(Fig. 6). Hb also declined from 12.4 ±. 0.38 gm/1 (pre-infection 

level) to 7.3 ± 0.57 gm/125 days after infecti n. xcept v r a slight rise around day 40 

post-infection, the Hb in the infected g a remained low for the duration of the study. In the 

control goats, the mean lib le el wa 13.6 ± 0.1 gm/1, ignificantl higher than in infected 

goa Fig. 7). RBC, from a pre-infecti n level or 12.1 X I 06 + 0.98 decl in eel 15 days after 

infection to 7.7 x 106 ± 1.1. xcept for a mall rise at da 20 the RBC continued to decline 

reaching a count of 5.6 x l 06 :±. 0.55 by day 60. The control goats had a higher con tant RBC 

count (Fig. 8). As the RBC, PCV, and Hb values declined in the infected goats. the white 



Figure 4. Rectal temperature (mean_ SEM) in control C• ) and T congolense infected female 

goats D ) 65 days before and 60 days afler infection. Goats infected on day 0. 
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Figure 5. Percentage change (mean + EM) in body weight in control (• ) and 7: congolense 

infected lemale goats (D) 65 days before and 60 days aficr infection. Goats infected on day 

zero. 
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Figure 6. Packed cell volume PCV· mean ± SEM) in control (•) and 7: cungolense infected 

female goats 0 ) 65 da before and 60 days after infecti n. oats were infected on day 0. 
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Figure 7. Haemoglobin (Hb; (mean ± S M) in control (•) and T. congo/ense infected female 

goat (0 ) 65 days before and 60 days after infccli n. 'oat were infected on day . 
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hgure 8. Red bl od ell concentrati n (RBC (mean ± S ~ M) in ontrol (•) and T. 

wngolc:use infcclcd female g als (D) 65 days before and 60 day aficr infccti n. oats were 

mfccted on day 0. 
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F1gur 9. White blood cell concenlration (WBC; mean :±: M) in control (•) and /: 

wngolense infected female goats (D) 65 days bef rc and 60 days afler infection. Goats\! ere 

tnfected in da 0. 
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bl d cell count (WB ) incr a ed ignificantly (p < 0. 0 I From a pre-in cction lc cl f 

I 1.53 , tO' ..!_ I. I the Wl3 count reached 16.5 x 101 ..!_ 0.76 da. p st inr ction Fig. 9). 

Thi rise coincid d with th disappearance fthe trypan me fr m th bl d . 
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4.2 PL LUTE IZI IIOR 10 I (LII) 0 

' \' . E 

Plasma luteinizing harmon (LII concentration, efore and after J: congolense 

infecti n was measured o cr a period f 4 m nlhs at ne day intervals and daily fi rap ri d 

of3 days ar und the e trus peri din 6 fernal g at . The nsct f tru peri <.1 in a female 

goat ' a e ident by the behavioural change exhibited by the female goat in the pr sence fa 

male goat: increased frequency of non-specific bleating m unting of other femal g ats, and 

imm bilization ace mpanied by tail deviation and tumed back head. ln addition during the 

oestrus the female g at rubbed its neck and back against other female goats and st d still as 

if ready for mounting. These behaviour changes a s ciat d wi01 estrus period lasted 2-3 

days. 

Prior to trypanosome infection, the plasma LH levels show d pr minent periodic rise 

or peaks at intervals of20-24 da s (Figs 1 OA B) which c incided with appearance f oestru 

beha iour. Taking the inter al between U I peaks as the length of the e trus cycle, the 

a erage length of the oestru cycle b fore infection was 23 .2 ± 1.3 days. After infecti n with 

7: congo/en. e, this pr minent surge in pia rna Llllevel was not observable (Fig l OC, 0 , 

F). Lnstead there appeared to be ri es in the LH concenlrati n occuring at irregular intervals 

ranging from 14-18 day . These ri es in LH concentration were associated with oestrus 

behaviour patterns suggesting a muted increase in Llllevels. During the first month of 

infection in two goat (no. 63 & 64, Fig 10 , ), thi · oc trus behaviour was particularly 

evident and lasted 4-5 day c mpared to the 2-3 day ·een in non-infected goats. In another 

infected goat (no. 66, Fig. I ) there' as only a weak ign of oe tru behaviour Ia ting one 

day. In the s cond month of infection all the infe ted goats" ere weak and showed no 

response to mounting behaviour by non-infected female goats in oestrus as wa the case 
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Figure IOA,B,C,D,E F. Pre- and post-infection plasma luteinizing hormone (Lll) levels in 

indi idual control (A,B) and J: congolense infected female g ats (C,D,E,F). Upper part of 

each figure sh ws the plasma LH levels at arious intervals era p riod of70-121 day . 

LO\ er part or each figure shows the pia ma UI levels f oestrus cycles synchr ni cd ar und 

the highest LH level at periods of20-24 days (see Material and Metlwd'i). Asterisks 

repres nt plasma LH level taken as the LH surge . 
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be~ re infccti n. 

I h' plasma IJ I prolilc lt)r all th • •oal!i. s nclm 111~~c.J aruumlthl.! <.Ia r Ll I utgc, 

before and after infecti n is sh ' n in ·ig. I I After infecti n, th plasma I I profile 

nchroni ed around the expected tim f Lll urge, sho\ ed an ab encc of a significant rise 

m pia rna LH le els. The mean peak II value wa ·significantly reduced during the infection 

period (p < 0.05 . A erage pre-infection level\ as 8.5 ±. 0. 7 lU (n = 12) om pared to the 

po t-infection a lues of 5.7 ±. 0.5 lUll (n = 3) and 4.9 ..!._ 2.1 f /L (n = 3) for the first and 

econd po t-infection month, re pectively. In addition, the mean LH concentration per cycle 

after infection with T congo/en e wa also significantly reduced (p < 0.0 I) in the first month 

post infection. In all the non-infected goats, the mean LH plasma concentration per oestrus 

c clc was 5.8 _ 0.5 I /L (n = 16), while in the infected it was 4 . ..!.:. 0.9 IU/L (n=3) for the 

first month post infection. In the econd month there was no sibrnificant diiTerence iu the 

plasma LH concentration per oestms cycle between the infected goats and the controls (5.8 ± 

0.5 IU/L (n=2) for controls compared to 5.4..!.:. 0.9 lU/L (n = 3) for the infected goats). The 

overall mean plasma LH concentrali n per cycle for the two cycles po t-infection was 

5.0+/-0.7 lUlL (n = 6). 

The difference between mean H concentration, 12 .75+/-0.811UIL for non-infected 

goats and 7.0+/-1.3 JUIL for the infected goats was highly significant (P<O.OO I). To 

determine if the basal levels ofLH were affected, the mean LH (minus the value of the LH 

surge) were calculated. There was a significant (P < 0.02) d cline in the calculated basal Lll 

levels during infection. ln the ab ence of infection the ba al H level wa 5.18+/-0.2 LUlL n 

= J 83) compared to 4.88+/-0.3 lUlL (n = 99) during infecti n. 
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Figure 11. Pre- (• and post infecti n (0 mean pia rna Lll lc els (mean J.. ~ M) during 

estrus cycles in control (upper figure,n=2 and J: congolense infected female goats (lower 

figure,n=3). Day 0 representing the day of LH surge. 
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.up 11 EV I R 10 

Plasma Lll lc' cl 111 c ntml 11 n-mlcctcd) and / . flllJ!.olensl! 111 rcctcd goats \ a, 

mea ured in resp n c t a 20 ~g inje tiun fa .nRII-agonist 1 r -Aiar' I-Lutcinizing 

Releasing llormone 23 and 6 da after mfecti n. Fig 12 h w the pia ma Lll I ·els 

rc ponse in a repre entati e contr I and infe ted g at t a jugular injccti n f nRll-agonist 

on da 23 and 60 after infecti n rc pecti el . In the infected goat, GnRJ I injection n day 23 

caused a rapid increase in plasma Lll lc cl reaching a maximum value of 15.4 IU/1 from a 

basal level of3.9 lUll around 60 min after the injection. In the non-infected goat, nRII 

injection on day 23 caused a maller rise in plasma LH from a basal value of around 3.0 lUll 

to 5.8 lUll 40 min after the injection. On day 60 po t infection, GnRH injection in the 

infected goat caused the basal plasma Ll I concentration to ri:e to 15.0 I /L within 4 mm 

while in the non-inlected goa , the plasma Llllevel rose to 8.0 I /1 within 20 min .. 

The LH response to GnR -agonist between the animal aried_ There was a high 

rc p nse t the GnRH-ag nist in the infe ted g ats on both day 23 and 60 po t-infcction as 

compared to the contr I goat (Fig 13). The mean pia rna LH c ncentration during th 140 

min of blood sampling after GnRH-agonist injecti n was 4.7 .± 0.3 lUlL (n=16 and 5.7 ±. 0.7 

IU (n = 16) for the control goats on day 23 and 60 re pectively and, 7.0 ±. 0.91U/L (n=16) 

and 7.0 ± 0.6 lUlL n = 16) fi r the infected goat n the same days po t-infection (Table 1). 

The o erall mean plasma LH was 7.5 ± 0.45 lUlL (n = 16) after the first 40 min which 

declined t 6.5 +/-1.4 lU/L n = 4) by 140 min aficr the GnRH-agonist injection. 

·1 he total amount of LH secreted in the 140 min sampling period detennined by the trapezoid 

rule was 15 L .± 14.5 lUlL n = 16) and 106 ± 8.8 IU/L (n = 16) for the infected and control 

goats respecti ely and this difference was highly significant ( P < 0.001 ). 



Figure 12. Plasma Luteinizing hormone LH· mean :t SEM) rc ponsc o r a period of 140 

min after inje tion of gonadotropin releasing h rmonc (GnRH)-agonisl at time zero in a 

repr sentative control (•) and T congolense infected female (•) goat on day 23 and 60 

post-infecti n, respecti ely. 
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·igure 13. M an plasma luteinizing h m1 ne (Ll I, m an _ M) re pone era period of 

140 min after inje ti n ofg nadotr pin relea ing honn ne nRII ag nist at time zero in 

control (e ) and '1: ·ungolen\e infc ted female {• ) goat · < n da 23 and 60 po t-in~ ction, 

rcspccti ely. 
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TABLE I. Area under the curve as index ofLH and mean LH concentration over a 140 min 
period in response to GnRH injection (120 ~Lg per goat) 23 and 60 days after infection in T. 
congo/en e infected female goats and in control goats. 

DAY 23 DAY 60 

Control Infected Control Infected 

(N =2) (N =4) (N =2) (N =4) 

Area under curve (iu/1 92.3 +/- 10.1 158 +/- 22.6"* 121 .1 +/-12 145 +/-16.7"' 

in 140 min) after 
injection 

Mean (iu/1) 4.7 +/- 0.3 7.0 +/-0.9""" 5.7 +/- 0.7 7.0 +/- 0.6""" 

Value of mean+/- SEM: *(P < 0.001) **(P < 0.05) 
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4.4 p p ETO 

I nidin a c ntraJ acting at pha-2 adrenergcnc ag nt t, w inj cted ia the jugular 

ein int female g a before and after /. congo/en e infecti n to timulate th 

h pothalamu . In a representati e female g at, cl nidine (25 J..lg) injection, even day before 

infection caus d the appearan of a put atile pattern in pia rna [LH] ig 14). A hormonal 

pulse peak) was concider d present if a ri e e ceeded th pre i us basal alue by at least 

three S1andard deviations (3 SD ) and when that peak value' as followed b either a decline 

or no significant increament both of the latter vatu s b ing significantly different from mean 

ba at levels. Over the 80 min of observation after the injection, 3 LH peak ' ere detected. 

The first peak appeared 10 min after the inje lion v ilh the lasma Lll concentration ri ing to 

7.5 ± 0.3 IU/1 from 5. 1 ± 0.17 JU/1, the cond peak appeared at40 min ( 8.6 ± 0.53 IU/1 ), 

and the third p ak appeared at 70 min 8.6 ± IU/1 ). Clonidine injection in the arne goat on 

da 28 and 69 after infection did not cause any detectable rise or appearance of LH peak 

th ugh there was som indication of some changes in plasma LH levels. This was in contrast 

to the effect f clonidine injection in the representati e control goat which showed 

appearance f peaks in plasma LH levels on both days 28 and 69 of the post-infection period 

(Fig.15). This absence of detectable rise in plasma LH level was observed in all th infected 

goats (Fig. 16) injected with cl nidine on days 28 and 69 aft r infection while the 

non-infected g ats hov ed rises and peaks in plasma LH te ct. 

The frequ ncy of LH puJ es, th mean plasma Lll concentration, the mean LH peak 

amplitude, and the total LH released area under the curve after injection) over the 80 min 

after clonidin injection were all significantly reduced in the infected goats compared to 



c ntr Is Ta le II . In the infected g t the t t I Lll rele and the mean pia rna II ,. r 

Sl!:,ttllfi anti higher n day mparcd t da 2 an r mr ll 11 (Ta lc II). 
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Figure 14. Plasma luteinizing hormone (LH; mean ± S M) response to clonidine injection 

over a period of 80 min given at time zero in a representative T. congo/en e infected female 

goat on day 7 (0 ) before infection and day 28 (•) and 69 c•) after infection. 
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Figure 15. Plasma luteinizing hormone (LH; mean ± SEM) response to cJonjdine injection 

o era period of 80 min given at time zero in a representative c ntrol goat on day 28 C• ) and 

69 (• ) after infection of the experimental goats with T. congolense. 
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Figure 16. Mean plasma luteinizing hormone (LH; mean ± SEM) response to clonictine 

injection over a period of 80 min gi en at time zero in control (upper figure) and T. 

congo/en e infected female goats (lower figure) on day 7 ( + ) before infection and day 28 (•) 

and 69 (0 ) after infection. 
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Table Il. Plasma luteinizing honnone (LH) parameters over 80 min after clonidine injection 
in control and T. congolense infected female goats 7 days before day -7) and 28 and 69 day 
after infection. 

DAY-7 DAY 28 AY 69 

Control Control Infected Control lnfected 

Pulse amplitude (lUll) 3.0 + 0.3 
a 

3. 1 ± 0.3
8 

0.9 ± O.Jb 6.9 ± 1.9c 0.9 ± 0.5b 

Pulse frequency over 80 min 2.3 ±0.3a 2.5 ± 0.5a 1.0 ± 0.6b 2.5 ± 0.5a 0.7 ± 0.3b 

Ar a under the curve (TU) 50.2 ± 2.1a 52.7 ± 5.4a 9.6 ± 0.5b 69.5 ± 5.5c 38.1 ± 0.6d 

Mean LH lUll) 5.4 ± 0.4a 6.4 ± 0.6a 1.0 ± 0.1 
b 7.8 ± l.Oc 3.9 ± 0. ld 

For each parameter, similar superscripts indicate no significant difference (p > 0.05) 
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II P RS 

1>1. Cll 10 

Th pr ent tudy hov ed that chr nic trypan m is cau e di ruption f the 

nonnal pattern of LH release by the pituitary. Trypan omo is caused irregular, and 

ultimately, ab li hed the normally xp cted peri die urge in pia rna L I le el during c tms 

cycle. Both mean LH concentration per e trus cycle and LI I peak amplitude in all infected 

goats were reduced soon after the infection. One infected goat was acyclic (characterised by 

ab ence of LH ri e and reduced basal LH concentration) throughout the post-infection period. 

The other infe ted goats had irregular and shortened estrus cycl s with a significant 

( 0.02) decline in basal LH concentration. 

Trypanosomosis caus s menstrual disorders and sterility in both humans (Apted, 

1970· Kimata el a/. 1994) and domestic animals (O'Hara eta/., 1985~ Luckins eta/., 1986). 

This reproducti e disorder has been suggested to be due to failure of the pre-ovulatory LH 

surge, particularly as in trypanosomosis, there is o arian dysfunction and decline in the 

teroid hormone levels. Consequently, the positive feedback action of estradiol necessary for 

the pre-ovulatory LH surge is absent. Mutayoba el a/ (1988b) found that the changes 

occurring in oestrus cycles of T con olense infected goats were accompanied by a decline in 

the monthly, and peak, progesterone and oestradiol levels. Similarly, in rams, trypanosomosis 

causes alteration in LH pul atile ecretion andre ultant decline in plasma LH concentration 

(Mutayoba et a/ .. 1994). Therefore, since under nonnal circumstances, the LH surge is 

expected to occur once every oestrus or menstrual cycle, it's failure to occur or, a reduction in 

its amplitude, may account for the decline in the total amount of LH secreted per oestrus 

cycle and the trypanosomosis associated disruption in the oe trus or menstrual cycle. 
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h H cret ry pattern thr ugh ut th r pr ductiv c cle i influenced b 

cstradi 1-neg tivc and - iti c [! cdback I op . The prc-o ulatory Lll surge is the 

consequence primarily f a po iti e feedback acu n f cstradi I. The effi ctive timulus 

d pends on the trength-duration pattern f serum e tradiol concentration which accompanies 

follicular maturation in the later phase of the reprodu tive c cle (Keye and Jaffe, 1975; 

Young and Jaffe, 1976). S vera! lines of experimental evidence supp rt the in olvement of 

e tradiol. Antibodies to e tradiol administered t rats on the m_oming of diestrus-2 prevent 

the expected ovulation in the afternoon ( Ferin et. a/., 1964 . 0 ariect my on the morning of 

diestrus-2 also result in the ab ence of the pre-ovulatory LH surge (Schwartz 1969). While 

ovariectomy, followed immediately by implantation of estradiol-containing silastic capsules, 

restore the pre-o ulatory LH surge (Legan and Karsch 1975). This estradiol-induced LH 

surge has been demonstrated in the monkeys (Knobil,l974) and humans (Young and Jaffe, 

1976). Implantation of estradiol-containing silastic capsules early in the menstrual cycle, 

when estradiol levels are normally low re ult in a LH surge. The full LH response depends 

on the duration of the estradiol treatment and the positive feedback action takes place when 

the increase in s rum estradiol is sustained for approximately 36 hr (Knobil, 1974). Hence 

the reduction or absence of the LH surge observed in the T congo/en. e infected goats in this 

tudy could be due to the absence of serum estradiol levels for sufficient duration and level 

to produce a positi e feedback action on the LH relea e by the pituitary. 

he hypothalamus releases GnRH which stimulates the secretion of LH from the 

pituitary gonadotrophs. A rimula et al ( 1974) showed, in rats, that injection of antibodies to 

GnRH on the morning of proestrus prevented the LH surge and blocks ovulation that 

nonnally occurs in the afternoon. Abrupt reduction, following a single i.v injection of GnRH 

antiserum, in serum LH concentration also occurs in ovariectomized rhesus monkeys (Knobil 
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and Plant, 1978). ing I then in a an ana th tic agent, arkar e f ttl ( 1976 found that in 

rat the con cntration or nRH in pituitary stalk pia m i w through ut the ycle, but rises 

dramaticall in the early aftem n of pr e tru just pre ding and c incident with the LH 

surge. In monkeys, Neill et a/ 1977) found LH in peri heral plasma and GnRH in pituitary 

stalk plasma to be low during the early follicular pha e of the oestrus cycle. lnjection of 

estradiol during the mid-follicular phase of the cycle cau ed the levels of both LH in the 

peripheral plasma and GnRH in the pituitary stalk plasma to increase. These findings 

demonstrate the role of GnRH in the pre-ovulatory LH surge. They als suggest that the 

stimulation of LH secretion by estradiol is accomplished, in part, by stimulation of 

h potbalamic GnRH secretion. 

GnRJ 1 is a decapcptidc that regulates the production and release of both LH and 

follicle simulating hom1one (FSH) in the pituitary gonadotrophic cells located in the 

adenohypophysis. As the GnRH producing cells release GnRH rhythmically in short bursts, 

they are also called the GnRH pulse generator. Only when GnRH is released in pulses do the 

gonadotropbs respond by synthesis and rhythmic release of LH and FSH in the amounts and 

ratios necessary for adequate gonadal function in sexuaUy mature males and females (Knobil, 

1980). 

The negati e feedback action of estradiol on LH secretion could be by either direct 

action on the pituitary gonadotropbs or by an indirect action through the hypothalamus. 

Studies on ovariectomized rat where the influence of oestradiol is absent, show that the 

magnitude and frequency of pulsatile LH activity increases during the period of normally low 

LH levels in an oestrus cycle (Arendasb and Gallo, 1978· Gallo, l980b). In fact ovariectomy 

is routinely carried out in studies on the neuroendocrine regulation of pulsatile LH secretion 

to cause experimental elevation of plasma LH and make the pulsatile pattern of LH readily 



74 

di cemible. From the report r d lm m pia rna c tradiol and pr ge terone in 

trypano m is it would bee peeled, as the c tradiol fc dba k inhibiti n is weak r absent, 

an in rease in plasma LH to be observed in the 7: ongl n. ·e infected g ats used in this tudy. 

Howe er a reduction in plasma LH le el and peak L amplitude per oestrus cycle were 

observed in the infected goats. This suggest there is disrupti n or failure of the both the 

negative and positive estradiol feedback mechani ms in trypanosomosis. 

The resuJts of the present study lend support to the proposed hypothesis that 

trypanos mosis related reproductive disorders could be due in part to the absence of the LH 

urge (Luckins et al., 1986). The effects of trypanosomosis on LH surge regularity and peak 

amplitudes in the oestrus cycle, observed in tills study indicate that the failure of the nonnal 

LH release could be associated with a di ruption of the release of hypothalamic GnRH. The 

possible absence of the positive feedback action by estradiol on LH secretion in 

trypono omosis could occur as previous studies have measured low estradiol level in the 

trypanosomes infected female goats (Mutayoba et al., 1988b). Trypanosomosis could cause 

desensitisatjon of oestradiol receptors in the extrahypothalamic areas (which influence the 

hypothalamic activity) or in the hypothalamic neurones or in the pituitary. An inhibitory or 

competitive binding may ccur between the endogenous receptor agonists and trypanosome 

or trpanosome-induced material. Such effects could disrupt or abolish synchronised 

GnRHILH release. 

The LH surge is also influenced by inputs from more anterior brain regions: the 

preoptic area, and suprachiasmatic nuclei (SCN) (Barry and Barette, 1975; SiJvennan et al., 

1987· Standish et a/., 1987), and is coupled to the light dark/cycle (Meijer and Rietreld, 

1989). The SCN which appear to have control or influence over the LH surge is a 

hypothalamic area which plays an integral role in circadian rhythms. In mammals, the SCN 
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controls circadian rh rthms by synchr ni ing r entraining th end genou b dy rhythms to 

external en vi ronmcntal cue such th • I igh dark cycl M ijer and Riel cld, 1989). 

Re ersal of c-fos gene expressi n in the CN in relati n t the leeplwake cycle ha been 

ob rved in trypanosome infected mice Benti oglio et a/., 1994). lienee the abs nee of the 

LH urge observed in these 7: congo/ •nse infect d goats c uld b due to the di ruption in the 

normal activity of the CN which in turn could lead to a lack of ynchrony in the 

hypothalamo-pituitary co-ordination with the re ultant impairment of GnRH and LH 

secretion. 

To investigate if the cause of disruption of nonnal plasma LH levels was due to the 

failure of the pituitary gonadotrophs to respond to GnRH, the LH response to GnRH 

challenge was measured. The results sho\ ed that GnRH injection caused plasma LH levels 

to increase in both infected and non-infected goats. This indicates that the GnRH receptors in 

the pituitary gonadotrophic cells are expressed and functional in trypanosomosis. However 

the stronger LH response in the infected goats suggests that LH is being synthesised by the 

pituitary gonadotrophs but that its release is not taking place. Similar findings (stronger LH 

response in infected animals) have been reported using immunohistochemical and endocrine 

function tests (Boly eta/., 1994; Mutayoba eta/., 1994 and 1996). Hublart eta/. (1990) found 

in rats infected with T. brucei significant increase in the pituitary LH but stable plasma LH 

le els. Hence it appears that in trypanosomosis, pituitary integrity and response to its 

endogenous agonist, GnRH is not affected but rather the release ofLH is affected. 

GnRH, a neuropeptide is synthesised in the hypothalamic neuronal cell bodies whose 

acti ities are influenced by neurotransmitters and sex steroids ( uxe et a/., 1978; Weiner and 

Ganong, 1978). Since in trypanosomosis, release of proteases has been observed (Hublart et 

at., 1990; Huet et aT., 1992), GnRH could be degraded before it reaches the pituitary. 
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!though GnRH pecific peptida es ha e not been I ked for in trypano om i timulation 

or th ir release could occur which uld afTcct the action r nRll n the pituitary 

gonadotrophs. Protease originating from trypano om s ha e been hown t reduce erum 

concentration of testo ter nc and increase pituitary LI I cont nt llublart eta/. 1990~ Huet et 

a!., 1992). Similar degradation of GnRll could occur since GnRH is known to be susceptible 

to degradation in plasma (Swift and Crighton, 1979 . 

GnRH secretion depends on the input of a variety f peptidergic and mon aminergic 

neurones to the GnRH neurones (Weiner and Ganong 1978). Monoamines shown to effect 

GnRH release include noradrenaline, dopamine, and 5-hydroxytryptamine (5HT) (Donoso et 

al. , 1971 · Iversen, 1975). Chronic infection of mice (Amole el al., 1 989) and rabbits (Stibbs, 

1984 ) with T. b. bmcei and mice (Stibbs and Curtis, 1987) with T b. gambianse cause 

marked disturbances in the concentration of several monoamine neurotransmitters including 

dopamine, SHT and noradrenaline in the midbrain, thalamus, and hypothalamus. In several 

studies, clonidine, a centra] alpha-2 adrenergic or imidazoline receptor agonist, has been 

shown to stimuJate the release from the pituitary f LH and growth hormone (GH) by 

inducing the release of their respective hypothalamic releasing hormones- GnRH and growth 

hormone releasing hormone (GHRH). Clonidine induces a surge in plasma GH levels (Becker 

eta/., 1995· Lanzi eta!., 1994; Ryna et al., 1994; Thomas eta/., 1994 Margnan el a!., 1994) 

as well as potentiating the GH response to GHRH challenge in hypothalamic GHRH deficient 

rats (Arce el a/., 1995). ln middle aged and old constant oestrus) rats, cJonidine restores 

normal put atile LH secretion (Kerry et a!., 1982; Estes et a!., 1982; Gallo, 1980; Gallo, 

1981 ). In pres nt study plasma LH levels in the control goats, in response to clonidine, 

showed an increase in the characteristic pulsatile LH release on day 28 and 69 of the 

post-infection period. In contrast. the plasma LH level, pulse amplitude, and frequency in the 
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infected goat showed hardly any response to cl nidine gi en n the same days. Area under 

LH response curve and the m -an LH concentrati n during the 80 min sampling period after 

clonidine challenge were also significantly lower in the infected goat than control g ats. 

Compared to day 28, the area under LH respon e curve and mean LH concentration in control 

goats on day 69 post-infection, were higher. This could ha e been due to the repeated 

stimulation of the hypothalamic neurones with clonidine. imilar effects on a smaller scale 

were observed in the infected goats. The e results indicate that either the synthesis or 

secretion or both of GnRH from the hypothalamic neurones appears to be affected in 

trypanosomosis. This couJd be due to an inhibition of the ~-adrenergic receptors in the 

hypothalamus by either an endogenous antagonist. or trypanosome released material. There 

could also be a down regulation of the central adrenergic receptors. Besides its action on the 

alpha2 adrenergic receptor, clonidine also binds to a class of recently discovered receptors

the imidazoline receptors. An endogenous ligand called the clonidine-displacing substance 

(CDS) has been isolated from various tissues including the brain. it is possible that in 

trypanosomosis, there is increased levels of CDS which could effect the action of clonicline. 

Localisation of large numbers oftrypanosomes in the brain microvasculature has been 

shown to occur during the infection and this leads to vasodilatation of brain capillaries and 

de elopment of pressure on the surrounding brain parenchyma Mwambu & Losos, 1978). 

Though not measured in this study, high numbers of trypanosomes in the 

hypothalamus-pituitary blood vessels could interfere with the GnRH reaching the pituitary 

gonadotrophs. 

GnRH release into the portal venous blood is characterised by intermittent puJses 

superimposed on a continuous basal secretion. This pattern reflects the pulsatile LH release 

from the pituitary. Since GnRH regulates the release of LH. it has been suggested that a 
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reduction in plasma LH is most likely to be as oci ted with reduced GnRH ecreti n 

Jeffcoate el ul., 1992 . tudics in monkeys ha e sh wn that lesions in the arcuate nucleu 

abolish the pulsatile pattern of L secretion while lesions sparing the arcuate ha e less 

devastating effects (Plant eta/., 1989). Arcuate nucleus and peri entricular area, and the 

anterior hypothalamus preoptic area are the two sites where GnRH cell bodie have been 

located (Barry and Barette, 1975· Silverman eta/., 1987; Standish el al., 1987; Moore, 1978). 

The frequency ofGnRR secretion from these regions is determined by the firing rate ofthese 

neurones. The GnRH pulses amplitude, however is not onJy determined by stimuli acting at 

the neuronal cell body, but also by stimuli affecting the nerve terminals in the median 

eminence (Barry and Barette, 1975; Silverman eta/., 1987· Standish eta!., 1987). In turn the 

LH response to the GnRH pulses depends on the sensitivity of the pituitary gonadotrophs to 

the GnRH. Since from the present and other studies no pituitary impairment has been 

observed, the decline in LH pulse frequency and amplitude seen could be as a result of 

reduced release of GnRH by the hypothalamic neurones in trypanosomosis. 

The initiation of normal pulsatile LH secretion, typical of young ovariectomized rats, 

in middle-aged rats after a single dose of clonidine indicates that the initial loss of pulsatile 

LH secretion involves a deficiency in the central adrenergic system (Kerry eta/., 1982). This 

deficiency which may be secondary to a decline in noradrenaline (NE) activity which may 

render the hypothalamo-bypophyseal-LH secretory mechanism refractory to centrally 

mediated stimuli for LH secretion (Kerry et al., 1982). In rats, as in other animals the 

episodic discharge of LH is initiated by pulsatile release of GnRH from the basal 

hypothalamus (Levine and Ramirez, 1980· Blake and Sawyer, 1 974; Soper and Weick, 1980). 

With the onset of the constant oestrus (CE) state the frequency of GnRH signals from the 

hypothalamus decrease to an extent that hypersecretion of LH does not occur (Kerry et a/., 
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1982 . This age related decline in LH ulse frequency i duet a decline in th rate f GnRll 

di charge from the medial basal hypothalamus, whcrca the dampened Lll pul c amplitude is 

due to central neurones system or gonad tr phs alterali ns or both (Kerry et a/. 1982). As 

the re ults from this study indicate that pituitary gonadotroph function is not affected in 

trypanosomosis, the disease probably causes a disruption of the central neurones activity that 

regulates GnRH release. In young rats several neuronal sy terns may participate in pulsatile 

r lea e of LH after o ariectomy (Gallo, 1980a and l980b). Primary among these is the 

central noradrenergic system. NE synthesis inhibition (Honma and Wuttke 1980· Drouva and 

Gallo, 1976; Estes et al., 1982) as well as a-adrenergic blockade (Gnodde and Schuiling, 

1976) severely diminishes pulsatile LH release. The central adrenergic system therefore 

appears to play a permissive role in episodic LH release and a di ea e induced impairment of 

central adrenergic neurotransmission may deprive the GnRH neurones of inputs normally 

required for pulsatiJe GnRH release. However as a single bolus of clonidine restores 

pulsatile LH secretion (Gallo, 1980; Kerry eta/., 1982), the pulsatile GnRH release may not 

be tightly coupled with or driven by regular episodic a.-adrenergic discharge. The lack of 

response to clonidine in the trypanosomes infected female goats seen in the present study 

may therefore reflect a decrease in number or sensitivity, or both, of hypothalamic adrenergic 

receptors. Howe er, as the level of GnRH in the hypothalamus or in the hypophyseal blood 

was not measured it is po sible the lack ofLH response to clonidine in trypanosomosis may 

be due to diminished GnR.H stores. In ld rats where a.-adrenergic stimulation has apparently 

been ineffective in enhancing the frequency of GnRH discharge from the hypothalamus, it 

has been shown that the extrahypothalamic adrenergic receptors are reduced (Greenberg and 

Weiss 1978· Misra e/ a/., 1980), and there is also a decljne in available GnRH stores Wise 

and Ratner, 1980; Bamea e/ al., 1980· Stegere/ al., 1979). 
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tudies show that the brain releas s an endogen us ligand de ignated cl nidin -di placing 

ubstance CD which i bi logically acti e in the kidn y, t ma hand on plat lets Meeley 

eta/. 1992 . CDS has a hypertensive action upon injection into the r stral ventrolateral area 

of the brain stem and antagonises clonidine binding ite (Atlas el ul., 1992; Abdel-Rahman, 

1994 . CDS also inhibits i.n a dose-dependent manner the binding of [3H]-clonidine to rat 

brain membranes (Synetos el a!., 1991 ). The lack of response to clonidine in T. congolense 

mfected goats suggests that trypanosomosis may stimulate the release of CDS. The infection 

may also induce the release of ~-adrenoceptor antagonists which would lead to block of 

central ~-adrenoceptors. Although the present study did not investigate phannacologicalJy 

active substance that may be involved in the impairment of GnRH release, evidence suggests 

block of adrenergic inputs. GnRH pulse generator activities and ass ciated LH pulses are 

subject to neuromoduJation, and a block of ex-adrenergic inputs by phentolamine as well as 

dopaminergic activity by metaclopromide have been shown to inhibit the frequency of pulse 

generation or arrests it altogether (Knobil, 1980). Morphine or opioids aJso have an inhibitory 

effect (K.nobil, 1989) although endogenous opioids have failed to exhibit this effect in 

monkeys (Med.hamurthy et a/., 1990) and humans (Petraglia eta/., 1986). Instead, evidence 

suggests that the onset of puberty, but not prepubertal gonadotropin nadir, is associated with 

increased opioidergic tone (Petraglia et a/., 1 986) and enhanced pro-opiomelanocortin 

POMC) gene expression in arcuate nucleus (Wiemann et a/., 1989). There have been no 

studies on opioid or opiod-related substances in trypanosomosis and, hence, what role, if any, 

they play in affecting GnRH release is not known . 

Trypanosomes do not cro s the blood-brain barrier of the infected animals, but tend to 

localise in regions such as the choroid plexus, trigerminal and dorsal root ganglia and the 

circumventricular organs including pineal gland, median eminence and area postrema 



hultL erg et a/., 19 . Thi I ahzati n ugg t that fli ct n th rain acti it are 

au cd by JUt ·r mole ·ulc. released b the tr panusnmc para ·1te or · a rcacllon b the host 

cell in res n e to th infecti n The para entri ·ular and supraopti h pothalamic nuclei arc 

affect o during trypan m B ntiv gli et u/., 1994 and thi may c plain in part, the 

lack of hy thalami respons cl nidinc in the /. c:mzgol •n-e infe led goats. 

Th re areal o r ports r entral and p riphcral dem elinati n in chronic cases of 

human trypano om si Dumas and 13a , 1988 . CNS damage in mice ha · been ho\ n to 

occur due t production of autoantibodies to them elin asic pr teins- galact cerebro ides 

and gangli sides (Hunter et ul.. 1 92b . 1 hi indicates that part f n ur pathol t:,ry of 

trypano mosis could be as ociated with demyelinati n. There is also reacti e gliosis in 

l _pan s mosi and astroc tes are timulated t produce cytokine, in particular, llrlo., lL-6, 

F -y, TNFa. and prostaglandins (Adams el a/. 1986· Eddlestone and Mucke, 1993· tevens 

and Moulton, t 977· Anthoon et a/. 1989). The e sub tances enhance the neuropath logic 

effects f trypan somosis (Al ifiatoyo el ul. 1994) and their actions may account for the 

change observed in LH secretion during the hypothalamic hallenge with cl nidine, 

particularly, if the are in ol ed in demyelination of adrenergic nerve fibres. 

The clinical features f T.congo/ense infected goats showed a sharp increase in WBC 

count between 2 and 30 days post-infection which thereafter fluctuated. Following the nset 

of para ita mia 5-9 day post-infection, the goats became anaemic, emaciated and sh wed 

cl c akd rectal temperature rindings similar to other ludic (Murray eta/. 1981 ; Mulayoba 

et a!. , 1989 and 1995). In this study, WBC differential count wa not d ne thu it is not 

po. sible t know whether there was a difference in the ratios of basophils, eosinophils, 

lymphocyte , mononuclear and polymorphonuclear cells found in the blood. The immw1e 

re ponse is e ident by the rise in WBC count observed 25-35 and 50 days post-infection 



' ht h [! 11 wed para ttacmia al... seen n da} 20 4 and p t-tnfi 11 n ·1 he first 

tkd tnc in para ·ttacmia, 0 clay 1 1 t-ml·ctt 11, \\<a~ pre ·cued b a ttsc 111 WI3C couul 5 da s 

arlier. The re urg nee in parasitacmt , 35-40 da an r infection, is prohabl du t 

urvi ing parasite producing and pre enting new antig\;ntc anant by ' hich to c ade the 

tmmune urveillance of the ho t. e eral sludi ha e reported that trypan me are 

apable changing th ir antigen c nformations lum 11 a/., 1993; Pentreath, 1991 ). 

Pathologi effe ts of trypanosomosi thcrcfi re enhanced by the para ite's ability to change 

urface glycoproteins. The parasitaemia cur e showed peaks on days 20 40, and 50 

po t-infection ' hich c uld b as ciated with three different antigenic ariant each 

appearing after the elimination f the majority of the pre ious antigenic population. 

The parasite escape from the host immune rc nsc leads to immunosupprc ton 

(Borowy et al., I 9 0). Bakhiet el. a/. (I 993), showed that T. b. hrucei release a Trypanosome 

L mphoc e Triggering Factor (TL TF) which stimulates interferon-y (U'N-y) production from 

08+ T c lis which simuJate trypanosome growth (Bentivoglio eta/. 1994 ). Thus part fthe 

host's resp nse to the parasite aids the parasites' survival , particularly in the h st' lymphoid 

ti sues fr m where the parasite enter the blood tream. The rise in the temperature een 

during lhe trypano ome infection was pr bably due to the p rogenic substances released by 

the parasites. 
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he r ults of the pre ent , tudy h w that in T c.tmgolcnse in~ ted female g ats, 

oc tru ycl s arc di rupted. Thi i characterized y a declin in th mean Lll lc cis p r 

oe tru cycl and a reducted LH urge. ince the pattern f II level is important fl r n rmal 

r pr du ti e cles in females the changes ob erved in thi tudy may undrcly the infertility 

obs rved in trypano omosis. Th reduced Lll le els lead t reduced cellular acti ity in the 

cell · that ar nonnall stimulated b the h nnone. Failure or the LH urge to occur r a 

r ducti n in the urge lead to failure of ulation and hence infertility. 

The problem in II seoretion could be due to the pituitary gland dy functi n. 

However the results of the present study together with ther published reports( e chapter 2 

and 5) indicate that the changes in LH levels are not due t pituitary dysfunctions. The 

trpanosomes infl ction did not affect the respon e of female g at to GnRH change. This 

ob ervation indicates that LH synthesi , secretion and release by the gonadotrophe in the 

pitUitary gland is not affected. In addition to the nR receptors on the gonadotrophe are 

being expressed and arc receptive to GnRH. Thus it is pr bable that there could be lack of 

timulation of the gonadotrophes due to lo\ levels of GnRII reaching the pituitary from the 

h pothalamus. The above observati ns there[! re point to a hyp thalamicdys function as the 

cause of disruption in th H secretion in trypanosome-infected goat . 

Fr m the clonidinc experiment, Lrypano. omosis appears to disrupt the hyp thalamic 

function. Clonidine challenge did not cause changes in the Lll secretion pattern during the 

infection as was obs rved before the infection. Thi c uld be an indication tha the 

a-adrenergic receptors through which clonidine acts are probably affected by trypanos me 

infection. 
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In c n lu ion the pr . cnt tudy ha [! und that in r c ng len tnfe t d female g at 

the oestrus cycle 'hCrc <.ltsrupt d, Lll :urge alue r du ·l;J and there \\a: a decline m the 

mean Lll c ncentratt n per trus ycl . 'I he 11 rc pon ·e t ogcn us nRII challenge in 

the in~ t d female goat ' as n nnal \ hi I II rc pon c to clonidinc chal l ngc wa ab ent in 

infected g ats. The e b ervati n th ref! re ugge t that the trypano m is-r lated 

reprodu ti e di rd s may be du in part t a h p thalamic or high N dysfuncli n . 

H we cr further in estigati ns h uld be carried out in infected and non-infected female 

goats in rder to elucidate the mechanisms underlying these disorder . 

Topi for further stutli : 

I Determination of LH ecretion pattern o er sc eral hours in infected anti 
non-infected female goats before and after challenge with 

:sluha-2-ad rencrgic-agonist. 

The hypothalamus release nRJ I into the portal enous blood in intermittent put es 

" hich are r fleeted in th pulsatile pattern of H se reti n fr m the pituitary in normal 

rcmale . The activities of these tw hormones are dcpedcnt on the delicate ynchr ny f their 

. ecretion in pul cs. Oetennining the LH ecretion patt m over several hours will h lp to 

e tablish whether the naturally expected pattern is being afiected by the trypano omes 

infection. The pre ent study ha shown Ia k of timulation fthe hypothalamu by clonodine 

and therefore detenninati n of H secretion pattern in respon e to alpha-2-adrcnergic-agonist 

would help t confinn the implied lack of stimulation ti the pituitary. 

II D termination of 

hypothalamu 

GnRll is the h pothalamic honnone responsible fi r the regulation f LH release by the 

pituitary gland. Becau e the r ult of the present tudy are pointing to a h pothalamic 

dysfunction as the primary cause f reproductive dysfunctions in trypanosomosis its 

important that the effects of the disease on the GnRI-1 levels be measured dire tly in the 
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h poph eal portal tern bl d. Findmg fr m this ·tud. rna r cal wh thcr lh di ease 

alTcctss nth . ci., rd a. cor sc ·rcll Hlog (lnRII. lhc IIH.::tSliiCill nt ul <inRII lc cis should h 

done both at the hypoph cal portal system and th h thalamus. 

GnRH i cr ted by neur end crine cells of the hypothalamus. A stud f the cell structure 

b fore and afler or in infe ted and in no-infeted female g ats can help t establish whether 

the cell are affected during trypano omosis or n L Immunohistochemical study techniques 

can reveal which regions f the hypothalamu are affected by the disease. 

IV Determination of plasma oestrogoen levels and oestro~:,en receptor presence in the 

brain. 

Oe trogen h rm ne 1 • required for the development of follicles and also feedback 

mechanism in the release of GnRH and LH. The determination of plasma oe trogen levels 

will confirm the reduced le el which have been reported in some previous studies. DEcline 

in the normal oestrogen level would indicate lack of sufficient o strogen t facilitate the 

pr ce s of folio lc development and al o the feedback mechanism. D termination oif 

oestrogen receptor levels and status will how their presence and availability to oestrogen 

sti mulation. 

V Determination of protea es and peptidases levels in the brain 

Protease and peptidases are enzymes that breakdown or degrade peptide hormones. 

Determin ing the I vels f the e enzymes in infected and non-infected or efore and after 

infec tion can help to establi h whether trypanosomosis triggers an increase in their levels. 

Incase the le els of these enzymes are elevated in the brain they may cause degradation of 

GnRH leading to insufficient quantities to timulate active secretion of LH. Therefore in 
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additiOn to determining the lc,cls f nRII tn the h pothalamu and the h pophy eal portal 

yslcm the lc cis of' prot cases am.l pcpllda:cs should also he Jetcnmn d 111 these areas 
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